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General Experimental Details
All reactions were performed in flame-dried glassware under an atmosphere of dry argon unless otherwise 
S2
LiCl (Fisher), Li 2 CO 3 (Alfa Aeser), Et 2 AlCl (Aldrich), tetrabutylammonium fluoride (TBAF, Aldrich), NaBH 4 (Alfa Aesar), Martin sulfurane dehydrating agent (Aldrich), and PhSeBr (Acros) were used as received.
Tetraethylammonium trichloride was prepared according to a literature procedure and titrated by addition to cyclohexene (1. 
spectrometers. 1 H and 13 C spectra were referenced to residual chloroform (7.27 ppm, 1 H; 77.00 ppm, 13 C).
Chemical shifts are reported in ppm and multiplicities are indicated by s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), and bs (broad singlet). Coupling constants, J, are reported in Hertz. Infrared (IR) spectra were recorded on a Perkin-Elmer spectrum RX1 FT-IR instrument in NaCl cells and peaks are reported in cm -1 .
Mass spectrometry spectra were obtained from the University of California Mass Spectrometry Facility. High resolution mass spectra (HRMS) were recorded on a Waters LCT Premier spectrometer and data are reported in the form of (m/z). Melting points (mp) were all obtained after precipitation from EtOAc. Analytical thin-layer chromatography was performed on Merck silica gel 60 F 254 TLC plates. Visualization was accomplished with UV(254), and potassium permanganate (KMnO 4 ), p-anisaldehyde, or cerium ammonium molybdate (CAM) staining solutions.
Experimental Procedures and Characterization Data for New Compounds 4-[(tert-Butydimethylsilyl)oxy]-2-(chloromethyl)cyclohex-2-ene-1-one (8):
To a stirred solution of 4-[(tertbutydimethylsilyl)oxy]-2-(hydroxymethyl)cyclohex-2-ene-1-one 2 (3.10 g, 12.1 mmol) in DCM (150 mL) under argon was added Et 3 N (1.60 mL, 11.5 mmol) and a catalytic quantity of Et 4 NCl (20 mg). The reaction mixture was cooled to 0 ºC and MsCl (2.81 mL, 36.3 mmol) was added slowly. The ice bath was allowed to warm and the reaction was stirred for 18 h at rt. The pale yellow solution was washed successively with cold sat. aq. NaHCO 3 solution (100 mL) and sat. aq. NH 4 Cl solution (100 mL), then the organic layer was dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by column chromatography (SiO 2 , gradient eluent from hexanes to 1:9 EtOAc/hexanes, R f = 0.5 in 1:4 EtOAc/hexanes, KMnO 4 ) to afford 8 (2.64 g, 79%) as a colorless oil. Data 196.5, 151.9, 135.0, 67.3, 40.5, 35.8, 33.1, 26.0, 18.3, -4.4, -4.5; IR (thin film) 2952 IR (thin film) , 2930 IR (thin film) , 2857 IR (thin film) , 1694 IR (thin film) , 1463 IR (thin film) , 1360 IR (thin film) , 1253 ; HRMS (ES+) m / z calculated for in DCM (60 mL) under argon at -78 ºC was added Et 2 AlCl (11.1 mL, 1.0 M in hexanes, 11.1 mmol). The resulting mixture was stirred for 10 min, then a solution of diene 9 3 (1.6 M in benzene, 3.83 mL, 6.13 mmol) was added and the reaction mixture was stirred for 3 h. The reaction was quenched by sequential addition of Et 3 N (6 mL), cold sat. aq. NaHCO 3 solution (12 mL), and a sat. aq. solution of Rochelle's salt (24 mL), then allowed to stir an additional 30 min. The resulting mixture was extracted with DCM (3 x 30 mL). The combined organic extracts were washed with H 2 O (30 mL), sat. aq. NaCl solution (30 mL), then dried with Na 2 SO 4 and concentrated in vacuo to afford a crude yellow oil (3.10 g), which was used without further purification.
(1R,4aR,10aS)-1-[(tert-Butydimethylsilyl)oxy]-4a-(chloromethyl)-1,2,3,4,4a,5,6,7,8,10,10a-dodecahydrophenanthren-4,9-one (10): To a solution of crude silyl enol ether 6 (2.62 g, 5.57 mmol) in wet THF (60 mL) at 0 ºC was added NBS (1.97 g, 11.1 mmol) in one portion. The reaction mixture was stirred for 2 h in the dark, and quenched with sat. aq. NaHCO 3 solution (50 mL). The aqueous phase was extracted with DCM (3 x 50 mL), and the combined organic extracts were washed with H 2 O (50 mL) and sat. aq. NaCl solution (50 mL).
The organic solution was dried with Na 2 SO 4 and concentrated in vacuo to give a dark orange oil (4.35 g) which was used without further purification. The crude bromide was dissolved in DMF (100 mL) and Li 2 CO 3 (1.23 g, 16.7 mmol) and LiCl (354 mg, 8.36 mmol) were added. The resulting heterogeneous mixture was stirred vigorously and heated at 120 ºC for 90 min in the dark. The mixture was allowed to cool, diluted with H 2 O (100 mL) and extracted with EtOAc (5 x 50 mL). The combined organic extracts were washed with H 2 O (4 x 50 mL) and sat. aq. NaCl solution (50 mL), dried with Na 2 SO 4 , and concentrated. The crude brown oil was purified by column chromatography (SiO 2 , gradient eluent from hexanes to 1:19 to 1:9 EtOAc/hexanes, R f = 0.46 in 1:4
EtOAc/hexanes, KMnO 4 ) to provide 10 as a pale yellow solid (1.10 g, 50% yield over three steps.) Data for 10: 207.9, 195.3, S4 149.1, 136.9, 70.6, 57.9, 46.0, 42.4, 36.9, 35.2, 32.2, 27.3, 26.1, 23.2, 22.4, 21.5, 18.2, -4.7, -4.9 198.5, 154.0, 136.0, 129.4, 125.2, 65.6, 48.7, 47.6, 38.6, 33.0, 32.1, 26.1, 25.5, 23.4, 22.6, 21.8, 18.4, -4.4, -4.6 198.3, 153.2, 137.4, 63.8, 62.1, 60.1, 51.2, 48.0, 38.0, 33.4, 26.2, 26.2, 25.8, 23.6, 22.4, 21.61, 18.4, -4.5, -4.7; IR (thin film) 2932 IR (thin film) , 2858 IR (thin film) , 1668 IR (thin film) , 1628 IR (thin film) , 1379 IR (thin film) , 1258 156.15, 151.48, 137.10, 127.78, 64.41, 64.17, 58.33, 54.82, 46.71, 40.60, 26.19, 24.61, 22.67, 22.41, 21.75, 18.68, -4.59, -4.93 and concentrated in vacuo. The crude yellow oil was redissolved in 1:1 DCM/pyridine (2 mL) and cooled to 0 ºC under argon. Tf 2 O (0.2 mL, 0.119 mmol) was added to the reaction mixture, which was allowed to warm to room temperature and stirred for 30 min. The reaction mixture was cooled to -20 ºC and allowed to stand for 12 h. It was quenched by the addition of H 2 O (1 mL), the aqueous phase was extracted with DCM (2 x 2 mL), and the combined organic extracts were washed with sat. aq. NaHCO 3 solution (2 x 1 mL) and sat. aq. NH 4 Cl solution (1 mL). Drying over Na 2 SO 4 and concentration in vacuo provided a yellow oil, which was purified by column chromatography (SiO 2 , gradient eluent from hexanes to 1:19 to 1:9 EtOAc/hexanes, R f = 0.33 in 1:4
EtOAc/hexanes, KMnO 4 ) to afford 14 as a white solid (6 mg, 79%). Data for 14: 1 H NMR (500 MHz, CDCl 3 ) δ 6.50 (dd, J = 9.9, 0.6, 1H), 6.44 (s, 1H), 6.01 (dd, J = 9.9, 4.7, 1H), 4. 153.9, 136.1, 128.8, 125.6, 65.8, 48.4, 47.8, 38.5, 33.2, 31.3, 25.7, 23.3, 22.6, 21.8 was cooled to -78 ºC and solid Et 4 NCl 3 (173 mg, 0.731 mmol) was added. The resulting suspension was stirred for 5 min and the acetone/dry ice bath was removed. The reaction was monitored by TLC and quenched while still cold (after ~10 min, at ~0 ºC) by addition of sat. aq. Na 2 S 2 O 3 solution (3 mL) and H 2 O (5 mL). The aqueous phase was extracted with DCM (3 x 3 mL) and the combined organic extracts were washed with H 2 O (10 mL) and sat.
aq. NaCl solution (10 mL). The organic solution was dried over Na 2 SO 4 and concentrated in vacuo to afford a 2.5:1 diastereomeric mixture as a yellow oil. The residue was purified by column chromatography (SiO 2 , gradient eluent from 1:9 to 1:1 EtOAc/hexanes, R f = 0.32 in 1:1 EtOAc/hexanes, KMnO 4 ) to afford the mixture of S8 diastereomers (17 being the major component) as a white solid (58 mg, 78% 69.4, 64.6, 59.9, 49.5, 43.3, 40.8, 39.0, 31.9, 28.7, 23.8, 22.5, 21.5 0.50 mmol) in DCM (2.5 mL) under argon was cooled to 0 ºC. TESOTf (56 μL, 0.25 mmol) was added dropwise and the reaction was allowed to stir at room temperature for 2 h. NBS (22 mg, 0.13 mmol) was then added as a solid and stirring was continued until no enol ether remained as judged by TLC analysis. The reaction was quenched with sat. aq. NaHCO 3 solution (2 mL) and extracted with DCM (3 x 2 mL). The combined organic extracts were washed with sat. aq. NaHCO 3 solution (2 mL), dried with Na 2 SO 4 and concentrated in vacuo. The crude yellow oil was filtered through a short plug of silica (1:9 EtOAc/hexanes) then redissolved in DMF (2 mL).
LiCl (3 mg, 0.071 mmol) and Li 2 CO 3 (10 mg, 0.142 mmol) were added to the reaction, which was heated to 120 ºC under microwave irradiation. The reaction mixture was then diluted with H 2 O (3 mL) and extracted with DCM (4 x 2 mL). The organic extracts were washed with H 2 O (3 x 2 mL), sat. aq. NaCl solution (2 mL), dried with Na 2 SO 4 , and concentrated in vacuo. The crude brown oil (6 mg) was used without further purification.
(3S,4S,4aS)-3,4-Dichloro-4a-(chloromethyl)-3,4,4a,5,6,7,8,9-octohydrophenanthren-9-one (3): A stirred solution of silyl ether 18 (6 mg, 0.013 mmol) in wet THF (1 mL) was treated with TBAF (0.05 mL, 1.0 M in THF, 0.05 mmol) at room temperature. After 1 h, the reaction was quenched with aq. HCl (1N, 1 mL) and extracted with EtOAc (3 x 2 mL). The combined organic extracts were washed successively with sat. aq. NaHCO 3 solution, H 2 O, and sat. aq. NaCl solution (2 mL portions of each), dried with Na 2 SO 4 and concentrated in vacuo.
The crude brown residue was then redissolved in 1:1 DCM/pyridine (1 mL) and cooled to 0 ºC under argon. Tf 2 O (0.1 mL, 0.059 mmol) was added to the solution, which was allowed to warm to room temperature and stirred for S9 30 min. The reaction was cooled to -20 ºC and allowed to stand for 12 h. It was quenched by the addition of H 2 O (1 mL), the aqueous phase was extracted with DCM (2 x 2 mL) and the combined organic extracts were washed with sat. aq. NaHCO 3 solution (2 x 1 mL) and sat. 4. Some material was lost by an accidental spill in this reaction, setting an upper limit for the efficiency of this reaction at about 80%.
5. The diastereomeric enones 12 and 4 were never entirely separable in our hands. The yield shown here is the amount of pure dichloride 12 that was isolated from the mixture of diastereomers after a single column.
6. Crude dienone 13 could be used in subsequent steps to afford epimeric clionastatin core 14 without reduced yield. 
